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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device which exhibits a 
relatively large nonlinear interaction at visible and near IR (vis-nir) 
wavelengths. 

SOLUTION: A suitably designed optical waveguide exhibits an abnormal 
(positive) dispersion over the continuous body of the vis-nir wavelength 
and the fiber 10 exhibits zero dispersion at a visible wavelength (for 
example, about 760 nm). These characteristics are achieved by mutually 
matching a core region 12 and the refractive index difference between 
the core region 12 and a clad 14 (making the core region 12 relatively 
small and making the refractive index difference relatively large). In a 
more preferable embodiment, the zero dispersion point occurs at the 
vis-nir wavelength. For example, the optical waveguide is fine structure 
fiber 10 having the silica core 12 enclosed by the relative thin inner clad 
14 having plural capillary holes 14 and 1 enabling the refractive index 
waveguide in the core 12. The patterns of the cross sections of the 
holes are for example, hexagonal or triangular. 
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«. wmt^v Fi4it nrnz^v wnnhmtfrm* 

4J:5«:ftfflT*«»;©Jt«ffl«)fit>]fflJf*©d'7 9 F4tt 
JS14. W*K. Cti6©»JStt. RJi5»f 

ffi*WL«*K^-5^©iSS»r^v h y i»^4i{c^3 

•5. UJtPb. ftfll^vFB. toMi* v v F4"KRW-3 
30 [0011] ##88©*?* tA^HIM-CtX. rtffl^^ !» 

F^jg©iJ>ft< ife 1 o©it^wwc^ rnj 37© 

C-C im>j it*, C©«Jg©«*»J1#|©SBJStlSW)J t 
3T©S4>^ffliJ©^H^|?*Je)i!i5jl 0-3 0 MmJ^TW: 
*SCi*Sttfi-r-5>. *«]1 0-3 0 //m^e^i^jg 
W, vis-niriSS{C*j^S&W*-F©®*T^j8E(C« 

{ii^i-^5J©^9;SlI^>^/c3J&:^ ( » 0 ^-a©^©!©^. 

2o©^©H©&f5ttt. C©^jS©1>-^X (0lJiL«tfi 
S) (C«(29lyl». C©^it*l^?LT*«3, 
40 ©KffitcJro-c^^ns^^-^Aft^-c*?.^ 
<om— mWt^TjkT. 37B, ^?Li'5b©ra©HKi 

it>cc. c?dit«. s?Lfcj:c;=iT«a 

(JR^-C**). ^8!l3Tiaa(**«)0. 5~7tim («A 
«. 1. 7(im)t?*t), WtoziTffimimo. 2~4 
0^m'tft»), S7L©aS»0. 5~7wm W*. 
t*\ 0. 7/jm)TftO, S?L©*^MMHi«0. 5- 
7«m(09*«. 1. 6 am) 7 r -f ^'©ffiS 

©^SW$fJl 2 5MmT*4*i. f6©^-C XtS^T* 
A«tb®WA#<. W*W» *«Jl%-3 0%-C* 
50 0. $T*0<«59fi«±-C*S. fcfc'O, A= (n 
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«ff. cor. ~n e rr. clod) / n fl r r . cor • £!!3^}'$~CfSlt'/c 

[0 0 1 2] *l%W^^€)MSFSit<DK#|S5Sm0 
3-S5tC^-r o S3fcJ:C>W4 0^fiiJcDn«S^ffiii 

£MM»9? K(C^«>Tl>&. IH2 r@j 

?114. ^1@CD^?L1 4. 1^0tcm«:^« 

10-3 0/zm«Ti-r^^-Cc%4 o EMUc* £?L£/c 

03«. 3<acD^?LCDSgtC^*5n^:ieg^^To 
LT, @5«, 37 1 2CDMflW«:««¥nCDS?Ll 4. 

e«-?itttto*4»aus»ifc (gvd) £^-r. GVD 
-c&£ 0 wmmz. 77^^7«t^{c§ 

-K^y^777^^m vis-nir^i^*tt*4#»# 
3SefcrC&£„ vis-ni r^i^r«, A#J±i&ttffi<,> (09 
l%«T)/c#\ ^ffiS8^«Jt^Wffi^o CCD 
&*>t£Vr «(Cflj 1 2 7 0 n mt^PM^ 

-etiios^gr«^ (iE) 0DGVD*^-r o c 

1 3 10-1 550nm) ^7H*5Ci^r 
7 p nmtTBC<!:(D<fc LX2Ll&'?2>Mm%tiX ^ 
[0 0 14] MSFCDct^^^Wr^C^r A ^X 

Awmtcxz^ wz.tt. s%mm tctbtcmfc 
d^mir^tm^mtzmtctox. vtmt±<m 

^S. D. Moqilevtsev et al . , Optics Lett. . 

Vol. 23, No.21, pp. 1662 -1664 (Nov. 1998). Xlt, V 
* ^S7 7>r^l 2 7 0nm<fc9SC>i&B"C 



(7) 1$gg 2000-356719 
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^<D»£RB9*?aEU£U>o W»©DiGiovanni*B4##> : 

rfc, MSFicoiir«c(Dragi*iRor*j6r, ccd 

*H«*lFK:*jWS»»«COC»r©KI8 (06) tt, ftl 
515-1 6 0 0 nm<Wlfcl>ffiH$CJB43LTl>£ 0 

10 (anomalous di spersi on range) £ADR<fcl>5 0 

[0 0 1 53 — H«C. #&93«:J:fttf, MSFW6 

0, <e<D*SS, vis-*ir&g©HO^fc< <tfe— SPt?G 

*MSFtt 4 1 2 7 0 nm A 0+»{Cfil*fit? (MA 
tf. 7 0 0— 9 1 0 nmOffHTC. Wc* 7 60nm 

x) -tfndikiflrf *c4*?i«r*o % gicffiHtc^ 
20 OTGVDttW* (IE) 4ttac&#wc**. MX. 
tf, C<&ttHfc;faW£ft*:GVD«\ ^J9 10nmtc4c5 
Wft+80ps/nm* kmt^^ e CftCCStfl/T, 

«isw«c* v ?<(z> 7 s ? * x ^ > aoi^t- k ? T / t 

te, 7 6 0 n mXlh- 1 3 0 p s /n m • k mCD^<D^ 
Kt#U 9 1 0 nm-C$ct#j- 8 0 p s/nm • km?) 
%<DftWL*m?h 9 3 £KSMffl(cfcJ:ig6 «c*Til0r* 
*. 36(C 4 #JW(DMSFtt, (MiLU % 
9 1 0-1 270nm) -CfeHacD^fiMttt^-rJ: 5 

[0 0 16] 8 6fc % C<DJ:^Aj:MSF«, vis-nir« 
[00 17] cn^SfS^RSftttt, 370/h3lr» 

[0018] [Jfi»M] H8CC^T<fc5CC, 
A8 0H ^mS8 2<t^Jfflf r ^VX8 4CDPao[)iim 

ws^w^tt, TfeSfts, *i*ais, 3fctt , 

I177>fA't^i/3>('fe^>h) 8 6 4812 
77^t^> 3 > (-fe^>h) 8 9{C^-TSS* 
50 *{C«»j<0 1 rt&LtOjtrjij X 8 8 <b^pjfig 



(8) 
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fife*. *mi<D-m&micJ:tUZ. -b^>>h8 6*J 
<£tf 8 9 <D'J>t£ < t fc— im. ±l2©ck 5 fCvis-mrig 
SA.-C-fe'o^tJt^WTSMSF*^. >2HIg«. A 
DRrt©&S&fiA,©^f£f6£T-5>?lGig (tfUtfU 

-if) zm?z>. 

[0 0 1 9] mSOi/XTMZ. IK^OMT. 

VI/ f->CC<fc.5ffiS8©t§£. A.tt 10 

ADRrttCifc-SaU.CCia^ (mtf. A. = 7 8 0n 
m. A.= 76 0nm) «fc5(C. f-d'^VU^/> - 

y<D}mM&&MSF<Dm-%#fo*mm-2>£5ic (-r 

-^^•T-SCt^J:^. (M SF Hz i7\rf> 
*&£•©->* ^ a (ctt^r) /wx*ffiHrr-5. fte©->^ 20 

^-te*^a>8 6©«fc-5fr. VXT-AF*3©ffe©=J>jK- 
* > h Z> 6 ZtCfrWlZ Kft©?- t 

-7"*Jg|'#j8cS*i4. 3 6tc, -Hytcjetw^-r 

jec3*i&jE#9£«ira-r.2>ji5t (iE) #ifc**rr*M 30 
SF£#S<fc5CCiaif-;*ft.SC<bCCj:.,-C. 0£©MS 
F-by^Oh^J&l^ti^cD^^AtCjt^-C) JtfrX* 

[0 02 0] &tC. 09 (^1, 

1*5^96. 2«3te«-r-S) tC. MSF9 6{Cfi^L 

g9 0*^-T. 77-fA(i/>m-Fifici 
fc. F£T£C<hfcoJ6gt?*£) ©W^Jtt. 

■C, f;WX9 4B, m«. fttStilg. =f<*7\, 40 

#>7':fcag9 2«. U2Lh©fcr-i»3fe/"t«7-* 

-**>7V<9-r©ffi&ft^3i^flgraS. *>7-# 
©tB^XD^SA.tt. tfn#ifc£ffia«: 5 KoltR 
SftS. -fftfc^. A„-AA,< A„< A. + AA.-C* 
D. AA^JcO'AA.ti^rLfctl^K^^. m 
«. AA ,teJ:i>*A A,(i, GVD*iTfiS-Cft <M*.». 
-7 5p s/nm km) ±K"CiE (0»*tf. 

+ 5 35 p s/nm km) ifca^SKjliRSftS. 50 
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^';*MSF<DJg^ 6 90nm<A„<12 

KD^VM^tSit, # (PI 
3 9 0 n m) frfcifi^ (fllAti. 1 6 0 0 n 
m) ©>ris-nir&fi©iffiH{Cfc>;te*3fc©jAV^f*£fifc 

C. Sucha et al . , Optics Lett. . Vbl.l 
6, No.15, pp. 1177-1179 (1991). ffc£S9 0 

-?-c. c<om c sm^cf>tc'omt>m.^mmri> (*n 

CO 0 2 1] H#J3n^(,><o^cr)^^{i. ^r-Y^'tC 

3 a,, a £ A£'©i<i;i!a<j&ii<tT 7- y 3 >-c«. 

J^©*i7r-f^li- «CC»$l, 2fc?8^© 
t> < -^©HKflJ 7 r -<rtX!\Z, Z<D&>> temikfimte 

fer (•$-&*>*>. «{3!*— iffigt?) {tUi^iy. U 
^. */c. 7T^^©«^*Vh$< > ^i>7|fi)7y 

^^tc?s-,rg<eiB-r^ii^. i*omsf <m 

«. 5 0~75cm) m^Wi. IhJ^fKJaI^X^^ 

h ^©jffiS*. 7y-( ^'©S3 (c?S-o riik:^ -sag 
(C«. MSF©S${crSor#ni^j:«[©^*im^.S. 

7 7^<ii, Ji<>7'©afca<-c«^fe{c» 

77 ^'©SSKiSoT-r^lSSW-fe^a^tfU 
>^fitC»# > 77 •^^'«C?9o-CS?>{C^©-fed''>3> 

r«J®(c. me. J§fete«fctf«fe«<:«<. HBS(c«. 7 
T-f^-«r^r©&gris^:©a*)!iJcfciib. jJOt"*>6 
©etfiffigti 4 fetcx^i' h;H*ii;*io-ri,^*i (m 
«. *>7•©s*)ia<-c«a<!:^^^fe•c*s*^. 5j<> 
7•Ai6®fca<•ctt^^<!:^^^e-c*•5) . ak©@© 

!SS (cniJig&-CiSt,0 {CJrO. 7WM3!p<=>WSo7 
CO 02 2] H9«C^0. 3!^*g9 0«. 18&%* + 
9 6. 1*5^^9 6. 2459:W. MS F©aT (#!*.«: 
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zsvu) (ttat. msf tmn^^bftmmmuy 

tf. Yb*>Nd©.£5ft$fr±&) £ K — fc">^£T 2>C 
iGCfc-^T. MSF*i/>y;l/*-FiUrt9ft-riC 

i/-f^>i/96. i«. #>7r&&xmmmx<!b*). 
u— •f&JS&g <W*«. r£teiSS«:i£;t;-C9 2 0~i 
1 1 6nm) •Ctem&tCfcSmv&Zxk'X.CWmZti. 
— yi/-t v>y9 6. 2«. U-tf^MSS-C» 

mmtc&T&mxar, o . *tgg*>e u— yjstw©— 

*ij«f t >'^^9 4^lijrtf< .fcSK&itSft*. c©«fc 
5ft U— ?tt, CW3feiS*fc«^;UX M*.ttVVb 

7t 4r**s£&ti&ryT<(J*#. 4*- f-}£#:/5©2 

© 2 o©#- h n*. <*-^> « s m 

[0 02 3] m2iglia^afeteJ:D t «]^®!^(D(,>r 

»*7 7^<TJB ( 2^©5^0tt*tftt>fc*«C. Cn 
6©7*CHr*B:#a!l^fi«rC*-5 («<h/^<»:#&t>ftl,>) 

zomm*. mmoyr<D7 r 4 ^frf-tem^. 

•?*>) t<t(Cj:9. ^fS©2^<D^^4?ltf|ac 
■T. SJWW#ffi#<.&gTi&.5©tt, giWft^r-f^© 

GVDtcio. ♦asfpffl-rsjjo^t^sn* <s 

5l/©M0«J|S-CW»esif*7T-f^K:*>Wft«,>. 1 
5 5 0 n mt?©ttf£©lg£\ 7r^«Wit^i'3> 
ttiiSg 3ftlcmT*t), ft5 5<t m0>mm<^Wk<O 
fi5>Mg££*. Mfitt63*!|5 0*tm'C*i. Mil 
I*. V. Pruneri et al., Optrics Lett. . Vol.24, No. 4, 
pp. 208-210 (Feb 1999). CtliCtlbX. 
W<Dt>') 1 •?<D9mmK.£ti\t> 01 Otc^TJ^K:. 

MS F 1 0 6 *©#ffc^©ig$S8©5##JttS»A-S 
t*mm?Z>. SttWKtt. MSF 106 (<fc9gl>:7 

«. i o 2 ttmmA* i o 4 Kista-*- 
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4. *EP1 08-C^rf J:5(C. yy4*<m% 

<to. msf i 06*(c?i^ecsn*. go. 

SSWftSS (MiLtf. 1 cmOt-^) ccfc>fc»). v 
)\>2is>)t)<DftfttfU?y ■{ )\,K.Vc<X) ftfttfU7y 
«cft-S„ 

[0024] lUT<0mX{t. $f|BJ©l,> < o^©HiSM 

io tczzMSFicttuxmiLtcgmic^xi&wrz. 

SSiTSfttm. TttS*J:OT»f|s*fN*. 1#K:»re>ftt,> 
m*) mft StfiWT* 0 . ##BE©8ffil*JS8B i &l®5£-r 6 
fe©-C»ft«,». 

[0 02 5] [Ml] C©Mt?«. MSF©§9;th«04 
(CmLfcfc©iSfHU'C(,>-5*i, 5<l©?fJl#jt#. F*9 
WZ^v FF*3©. 37^iS©nfflmi?a>6if*j3 0 Mmtl 
rtK^*n*."£-C^ftS. 5 * F$® 14. 1 « 

mznBxnb*). %wmn (n = o 

ifai. 7wmm. 37 1 2*J<fct«'HBlJ*-7? Fl 6 
20 teis'JiJ (n=l. 4 5) *>6ft-2>. t3S«R^©3T 
«. ifig#J2. 2 5*zm-C*<3. W^ffiS«^4 wi' 
■C&O. £?L©*4>Rgp.Bfilttift2. 0um-C$>£„ Jfffl 

F©iSgtt#J 1 2 5 (iinTSl V r 
7 5 cm-C&S. rtflt*?? Fotfisftt^i ursat 
(n = 1 ) X&Z>i)\ — gp~>>;* (n = 1 . 45) *t 
Ali3 1%«Tt*0, #J1 0~2 0%W±-C*>S 

[ 0 0 2 6 ] T i -D- V r -<7^^V~ if ($«j7 0 0 
~ 1 0 0 0 nm©©H«ct>/cO[^lilfnJtg) 47 7^'<© 
30 ^gfCgMO^:. C©U— tf«. rjl V/&XOW$)JiKr 
-*J<fcCJ t ^;kW*-C©b-- : {'>'N->7-*W-ri 1 0 0 f s 

[0 02 7] MSF©GVD«. £m^X£S*£<!;-f * 
v^-yjl/y>^F^+-cl ^- hJKD77-f/<'fei">3> 

©SfiiM^a'JS-r.sciKr.fcor^Lfc. ^>^©* 

'C^S«i^7 7 0 n m~^9 1 0 nmtZ&frittc. 
(C. MSF GE^©^-*^) <t. SiHWft"»^ 
t- F^f»^>f^W7-/^ (RJ&©-?-* 
*) ©GVD©aJ^<B%^-r. ««IWft7 r -f^ra, ± 
40 tLX'WZi; ') tHDttUftft. (77 0-9 1 Onm© 
©B-CWifo- 1 35- — 7 6p s/nm-km) (CS<K 
©tt^»t!c«:J:SS (©) GVD^tkL. ^o^t«SS 
tii^l 2 7 0nmf*ofc*l. ^?g©MSF{*. C© 
^-i^ h;H5H^{cto/cOSS (IE) ^tt«r^t. it 

©•>'J*msf ©tm^fifc «. ±t e©«» Wft * 7 

[0028] *^©MS F©3ff«ft#8M$tt£/M l> 
^!lSffl©3T<tiffl^*D-t*^S. ^<©#0^S 
50 &m8 0 0nmXmiUtt. C©<t^ft^i©^m«. 



(10) 
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t>tlt>tl<D*UZ>m t ) . mum 1 300n mfcU:©&g 

tew:. '-wxEEfii. 9J£c>v; r>e$. a**- KRfl 

•So FH;U*. 07K:, 78 0nmKte^S, t-^-c? 
-8. 0 kWCDl 0 0 f s-'^l'^5:±iB<D6S7 5 cm 
©MS FtcaAf-SC i«C«fc->T^3fi/cafe^» 
Kjti&<*©X-^ r^TKT. C©MSFH2^ 

350-70 0 nm©ffiH©pJta3fe'N©) £7nOTI,> 

[0029] iw2] mi-cmmufc(otmm<omm. 

■C. MSFORtoDK, 0 1 *iJ;CJf0 2 {CtfO/c4>©{C 

^tjt.-r-&MSF^r -t'iim^tc. c<Dwci*. rim* 

5 ? fmm. 14. 1 Wtil3fRJ^-C*«3 . ( n = 

1 ) tt-€-ft-efte&J&i#j2. 9(imT*S. 37 12ii 
.fcyWffliJ^? Kl 6«>"J* (n= 1. 45) rt>6& 
•5. a7««{*tfR0ra£ (S@K*5J4. 4jum"C* 20 
K)> m.mt$)3. 3(tmt*»). WS&^rMSttiftl 1 
urn't?**) 0 ^?L©4>'Ci^Pi{*^6. 6(imT» 
•2.. 9Vm??~j K©iSgtt#J 125/1 mT* 0. V r ■< 
rt&kmi nrC*£„ * r*4>#Htt£& tr^ 

£v (n= 1 ) — SHisVtr (n= 1 . 4 5) £ 

^<fr. A« 3 1 %lUTf* 9 . #J 1 0 ~ 2 0 %«±-CS> 

&<fcjf£5£;*i-i£. c<o-?r <<'■<&;•? we- KKJ&fj-e 
^ c©^ r w ^'©^U!#ttwaij5eL/-ci,»!&^ 

#. PIl;$'< , ^©afe^feiii^ft:«:liia'Jbfc„ £©£<!:*> 
6. C©7W<tt. 031 -r?SftBJU7cMSF <tPHf©# 30 

[003 0] [«^3] C©^^. Wl-CSi?gu^^^ 

^©M S F {c*jWS^;U^e68#tt«:i9JS-r S J; 5 (cm 
fl*S9SH/fc. 7T-f^'©SStt2 0mt?*0. 

2 ■{ :/©#>:?>— tf i^gfrff gefflBBiBg© 

ifcg#7 8 0 n m. fifcfcMffl** HOfs, *sJ: 
D\ b--^^-'7-7*i9W©^;U^-c*o/t„ JttSW 

i$r&7KU ffl^^ffa*5j4 0 0 f s (DM!}*™ 40 
■6. +^{CWC^>^7--C{ot. MSFKte 

SFB. 01 HC^TJc^CC. 1 7 5 f s©*©5fc^ 
C^^Cf-^tt, /•CiU*#«:7y-f>'« 

[0 03 1] [0U4 ] C(DWTB, ^1-CittBJUrcf W 
^©MS FtCfcWSS^m*- Kra^2iS5S^**jlJ 

fe-rzx'itcmm'kmitLtc. 7r^^©sswioc 

nrC*»). slOT'U-lfi^fe]©^^^ h7A7t5 



12000-3 567 1 9 
18 

^©tttfjtt. ftgA<ifc8 9 0nm. ffi^Ml 10 
f s, *5«fcO\ f-i'^ - 7-*ift2 0 0WO*A-jMt 
* itc. 8 9 6 n m© 2 <I©7 * h >*itB5f¥ffl Uf» 
2B5iajfiCC*j^Sl(i©7 4- r>£»£l/fc„ 012(c 

g («896nm) *J<fc^2SS^jS W448nm) 

[0032] [0«5 ] c©0!h?tt. w i riftWLrt* 

7-©ms f ectews 4 ^^ai3£T-2)<t 5 tcmmz® 

frrbfc. 7?^A'©g3(J10cmtft0. jJOT'U- 

•tf tmm<Ditx*<9 h 7A7t? -Y-»f©ra(c^urc. 

7r ^^{C^$nS^>^U-if©tb^«, ifcg#ift 
8 5 5nm. 8l^ra*^8 0f s. feJctf. 
■7-*J|tjl 2 0 0W©3e^;WT*-,ilt. *ij8 5 5nm 
©2ji©7* r>#*BEftfflLTifo5 3 0nm«C*$W.5 
HI©?* h>*5«fcCJfiKi242 7nmCC*JWSl{i©7 
*r>£#££L/c„ I13K^t«(:5tC, MSF©m^J 
X-:* «(&K>:TO& (ms 5 5 nm) *i«fctf 

$«J5 3 0 nmKf-^^O/c. 242 7nmKfc»i 

[0033] 
[0jB©ffiWjrItt^] 

[01 ] m-®©^?L*i. ggtC^Snfc/^ft^?:^ 

[02] 01©7r-Y>'N'©3T*jJ:iyf3g7L^©fifc«c0 

[03] Jf©3g?L#. fg«C3l£tt3nfc=ft^*ff^ 

tKBS»HS0-C*i. WFg^b*J«fc^*$6{fc©fcd{). iE0t> 
t§R-Ctt0;f;Otl, 

[04] 2^©s?L*i. SK^a^n/cAft^^fiK-r 

A©«EBSE9iffi0t?*-5. Hjsgfbfcii^WibCTcaf). IE 
L(,»ffiR-C«0mLrt,^l,». 
[05] 2fljtfaT©WM»e¥R»***»JiWa. * 
^©3 6tCfc ^ 1 o©S|JS^«CJ:Sfifcffl«jg^7 r ^ 
A©g!fBS»rffi0-c*S. 9J«mfcfc<fctfi|M^©fcat>. iE 

[06] msmti^vr-i^ (r©^-^) ©pii 

S^-ffc (GVD : group velocity dispersion) <hJ:t$& 
fsS) ©GVD©S>JSffl©^7*^T0-C*i. 
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mi) wi*s£vw2ic9jkLtcz j^ommmyy 

^<©7 5cm^ (•fei">3>) £. iK^^ffll 0 0 
f s. fcr-^9-8. OkW(x^f-0. 8n 
J) . j&g7 8 0 nm<bl>5#tt©:ft^;*tM<>fc - > 

^u/da^tci^snsft*^* b)imm& (mm <d 
ess] Kwrnzhuzb') \m9mm<£&2>%Mm 

[09] #IMB<9;* 5 lo©HiSWcj:S7T-< 

CHI 0] *«?gcD$6«:fc^ locD*i6^{CJ:&^2 

g<DWS^a » *0-e*S., 9mtbJ:&Wttt01t 

[011] *^o-iSJ6WI«:J:€>^-JUxff)ffi <yj h 

;u* © @ BtBI!fl«'J5£<D0-C£> So 
[012] *&W<Db 5 1 o<DJI|i&0iKc£3Jfl2ilfSlig 
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* [01 3] *m\<»2hici>'> lo(DHJ6F9K<fcS4^ 

10 fS«ffl«}iS7 7-<A (MSF) 
1 2 =>T 
14 F*3®J ^ ^ y K 

i6 nmz^vY 

18 ScS-fttH?" 
10 8 0 ilft^X-rA 
8 2 

8 4 sNfflf^-f* 
86 ^17r^m 3 > 

8 8 ;&7V?^* 
89 S27r-(^-b^>3> 
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